There is increasing evidence that odorants are important in the formation of attachments by the domestic chick, Gallus gallus domesticus. We investigated whether early exposure to nonaversive odorants altered the responses of 1-day-old chicks to a number of odorants from naturalistic sources, including feathers and faeces of adult chickens, wood litter and food (chick starter mash). The odorants were delivered by dynamic olfactometry, in which air containing different concentrations of each odorant was presented separately to individually housed chicks together with a small, coloured bead at which they could peck. When tested with a faecal odorant, but not the other odorants, control chicks, incubated and reared under standard conditions, shook their heads more but their pecking responses did not vary for any of the odorants tested. Chicks that had been exposed to a moist-food odorant from embryonic day 20 to 18 h posthatching and tested with odorants from either moist or dry food pecked less than controls but shook their heads the same amount. Early exposure to the moist-food odorant did not affect responses to the odorants of feathers or faeces. Chicks apparently learn about their olfactory environment during the later part of incubation and in the early posthatching period and the memory formed alters behaviour on day 1 posthatching.
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The domestic chick, Gallus gallus domesticus, shows a range of behavioural responses to a number of artificial as well as natural odours (Bang & Wenzel 1985; Wenzel 1987; Jones & Roper 1997) . Such responses have been observed in chicks of various ages, from day 20 of incubation on. In 20-day-old embryos, Tolhurst & Vince (1976) were able to evoke head shaking and bill clapping to various concentrations of several odorants, including amyl acetate and dichloroethane. The chick learns about odours soon after hatching and its memory of an odorant is important for forming attachments (Vallortigara & Andrew 1994; Burne & Rogers 1995; Mínguez 1997) , avoidance of predators (Fluck et al. 1996) , learning to feed (Gentle 1985; Marples & Roper 1996) , and learning to avoid ingestion of harmful substances (Guilford et al. 1987; Burne & Rogers 1997; Marples & Roper 1997) . However, there is little evidence that the chick can form memories of odorants presented around the time of hatching.
A recent study (Sneddon et al. 1998) showed that chicks develop an olfactory and a gustatory preference for a strawberry-flavoured solution when they have been exposed to the odour prehatching and are tested at 2 or 4 days after hatching. The strawberry odorant was rubbed into the eggshell or injected into the air space of the egg between days 15 and 20 of incubation. In subsequent tests with a choice between water-and strawberry-coated litter, naïve chicks spent very little time over the strawberry-coated section, whereas those previously exposed to strawberry spent approximately half their time over that section. This suggests that, as in mammals (e.g. Smotherman 1982 ), the domestic chick shows prenatal chemosensory learning. However, naïve chicks seemed to find the strawberry scent aversive. One limitation of Sneddon et al.'s (1998) experiment is that the strawberry-flavoured solution could be considered an 'artificial' stimulus and may not be equivalent to odorants experienced under natural conditions. Although a number of studies have used artificial odorants such as orange oil (Jones & Gentle 1985; Turro et al. 1994) , isoamyl acetate (Burne & Rogers 1996) or methyl anthranilate (Burne & Rogers 1997; Marples & Roper 1997) to show that chicks possess a functional chemosensory system, studies using substrates from more 'natural' sources, such as the hen, provide a more complex array of
